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ABSTRACT

Polyurethane foam used to suppress fire and exploslon in
the fuel tanks of certaln alrcraft normally possesses excellent
storage stability in ethylene glycol monomethyl ether (EGME) and
water mixtures such as would be found in fuel tank water bottoms.
However, certain lots of EGME were found to cause severe degradation
of foam after one week of storage at 160°F in 25% EGME-75% water.
A majJor supplier of EGME traced the cause of foam degradatlon
to the presence of lead and/or tin at the ppm level in EGME, a
condition resulting from the storage of EGME in one-gallon cans
with soldered seams. ‘

This report describes work which established that (1) the pH
(4 to 7) of the exposure medium had no effect on the tensile °
strength of polyurethane foam; (2) certain organic impurities
or contaminants in EGME did not cause foam degradation; and (3)
glycerol provides no "protection" to foam specimens stored in
EGME which degraded foam. Data are also presented which confirm
the lead 1on as the cause of foam degradation and which demon-
strate that certaln other metal ions at the ppm level did not
produce the degradation effect under the solution condltions tested.

It 1s recommended that foam stability be studied employing
typical water bottoms obtained from the fleld. ,

© . .A mechanism for metal lon-catalyzed foam degradation Qia‘
hydrolysis 1s suggested. . o
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I.  INTRODUCTION

The Fuel System Icing Inhibitor (FSII) material used under
MIL-I-27686D by the Alr Force in all JP-4 fuel consisted of a
combination of 99.6% (by vol) ethylene glycol monomethyl ether ,
(EGME) and 0.4% (by vol) glycerol. %

- The formulation was designed to preclude alrcraft fuel

1 system icing conditions and, as # secondary benefit, to provide.
4 protection against microbiological contamination. The FSII,
originally added at a concentration of 0.1% to 0.15% (by vol)

to the fuel, has undergone seversl formulation modiflcations
concerned with the glycerol constituent. The original role of
the glycerol constituent in the 90-10 mixture was to protect

the Buna-N topcoating in integral fuel tanks from any deterlora-
tion which could occur in the sump area where the water phase L
would bulld up an equilibrium cqncentration of FSII ot about i
25% (by vol). Almost immediate}y, the glycerol constituent was N
found to be insoluble in the fu¢l, and the percentage was reduced 3
te 2% in lleu of 10%.. After exfensive tests were conducted, the ¥
glycerocl constitu:nt was reduced to (.4% which represented the
average solubility of material in Jef‘fuel.

il gt A

byt I

] In the Spring of 1969, the Air Force Aero Propulsion

v ' Laboratory (AFAPL) initiated adtion to remove the glycerol con-

, stituent from the FSII specification MIL-I-27686, This action-

was the result of an extensive investigation which revealed that:

the percent glycerol in the water phase was considered ineffec-

tive in adding any protection ‘to the Buna-N topcoating material (1).

Also, a survey of the Alr Force Loglstics Command and discussions

with the AF Materials Laboratcry revealed that the potential

problem of softening of the Buna-N coating by water bottoms in

- the sump areas of operational aircraft had been eliminated by

o coating the area at overhaul with the more resistant polyure~

ig thane material and specifying the urethane material in all new

i 8 production aircraft. Finally it was found that at moderately ‘ ;

0 low fuel temperature (Vv38°F), the glycerol portion of the FSII ,

i3 would be stripped from the fuel by the ground filter separator
equipment, thus causing a premature removal of the filter due
to a high pressure drop (2?.

All government agencies were notified of this pending ,
change. To assure that there were no detrimental effects on 1
fuel system materials, the Aeronautical Systems Division re-
quested that selected tests, required in the qualification of
fuel system materials, be repeated with and without the presence
of glycerol. One material receiving considerable attention at
that time was the reticulated polyurethane foam produced by
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Scott Paper, Foam Division. This material is used in combat
alrcrart as a passive defense measure to eliminate the fire and
explosion threat due to hostile gunfire (3). 1In application,
the foam conforming to MIL-B-83054 completely fills the fuel
tank and, therefore, can be exposed to the water phase of the
sump area which contains the FSII.

A sample of the pure ethylene glycol monomethyl ether (EGME)
was sent from AFAPL to Scott for the testing; the results of the
l4-day exposure at 158°F indicated a severe loss 1in tensile
strength after only 4 days of exposure. The initial conclusion
. was that the absence of the glycerol (0.1% in the agueous solu-
tion) brought about failure of the foam specimens. Monsanto
Research Corporation (MRC) was asked to run similar tests with
a sample of FSII contalning the glycerol. No problems were
encountered. Therefore, a meeting was held at WPAFB on
17 September 1969 with Scott and MRC to resolve differences in
procedures. General agreement was obtained that procedures,
although slightly different, were not a factor and there was
the possibility that a "bad" batch of EGME was involved. Fur-
~ther, an AFAPL in-house test conducted at 130°F with blocks of
the foam in distilled water (25% aqueous solution of FSII and
a 25% aqueous solution of EGME) did not appear to be physically
affected after 45 days of exposure.

In order to check out the possibility of a "bad" batch
of EGME, a program was outlined wherein samples from initially
~three and later five major suppllers were obtained and submitted
to the foam test in accordance to ASTM procedures and conditions
outlined by the Foam Specification. Four of the five EGME solu-
tions (25% EGME and 75% water) passed the test; however, one
supplier's material falled the test. Preliminary analysis
falled to show any chemical difference which could account for
this failure; therefore, an extensive testing piogram was initi-
ated to determine the cause of the foam deterloration.
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II. EXPERIMENTAL

A, TEST SOLUTIONS

Solutions for foam compatibllity tests were prepared from
various lots of ethylene glycol monoriethyl ether or fuel system
icing inhibltor listed in Table 1, by diluting 250 ml of the
glycol ether or FSII to about one liter in a volumetriec flask,
cooling, and finally adjJusting the volume to one liter.

Test solutions contalning possible impurities or by-products
were similarly prepared by adding a weighed portion of a reagent
grade liquid or metal salt to a volumetric flask containing
250 ml of EGME and diluting to one liter.

The criterion for pass or fallure of the foam material is
described in MIL-B-83054., Requirements for foam specimens
subjected to the test speciflied in this document are a minimum
tensile stress at 200% elongation of 10 psi, a minimum tensile
strength of 15 psi, and a minimum elongation of 250%.

B. _STORAGE OF TEST SPECIMENS

The solutions were transferred to one quart wide-mouth
bottles and were preheated overnight at 160 * 5°F. Two or more

foam specimens were suspended from stainless steel racks, in-

serted into the preheated solution and maintalned at the test
temperature for one, two, or three weeks.

The foam specimens had been dle cut by the Foam Division
of the Scott Paper Company according to the drawing of "Die A"
as per ASTM D U412-62T and were intended for use in the measure-
ment of tensile stress at 200% elongation, ultimate tenslle
strength and ultimate elongation according to ASTM D 1564-T
except that the initial Jaw separation of the Instron was set
at 2 in. as required in MIL-B-83054 (USAF) section 4.T7.4.

At the completion of a test period, the specimens were
dried @ 160°F for 3 hr and cooled for at least 30 min prior
to tension testing according to ASTM D 1564-T,
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USED FOR FOAM COMPATIBILITY TESTS

Table 1

VARIOUS EGME SOLUTIONS

Compound Orlgin
EGME . APFF
EGME APFF
EGME MRC
EGME APFF
EGME MRC
EGME . APFF
EGME APFF

 EGME- CMRe
EGME APFF

Date

12/69

12/69
10/69

- 12/69

10/69
12/69

12/69

10/69

11/69

Container

S5-gal

S5-gal

Glass

5-gal

l-gal

i-gal

5-gal

Glass

5-gal

drum

drum

drum
can

can

drum

drum
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III. EXAMINATICN OF EGME FROM VARIQUS SUPPLIERS

One gallon samples of commercial ethylene glycol monomethyl

ether (EGME) were obtained from three suppliers and portions were

mixed with distilled water to give solutions containing 75 vol %
water ‘=~ 25 vol % EGME. Foam specimens were placed in the solutions

.-and were stored at 160°F for 7 days. Samples of undiluted EGME
containing dumbell specimens were also stored. After 7 days the

specimens were removed from the test solutions and tested according
to ASTM D 1564, Results are presented in Table 2.

The data indicate no significant loss in tenslle strength of
the specimens stored in 25 vol % B~-2 and 25 vol % D-2, and a severe
loss in tensile strength of the specimens stored in 25 vol % C=-2.
The data obtained with the 25 vol % C-2 were confirmed with a
second series of tests.

"Aloss in tensile strength was also:dbserved for all speci-

mens stored in each undiluted EGME. These specimens swelled

appreciably during the test. Interestingly, each of these speci-
mens showed a signiflcant 1nqrease in % elongation at ultimate

psi.
Certain specification tests and instrumental analyses were

. performed on B-2, C-2, and D-2 in an effort to uncover chemical
" differences which could account for the behavior of C-2. However,

glycol content, acid number, refractive index, gas chromatography,
and nuclear magnetic resonance studies of several commercial EGME
samples did not reveal why 25% aqueous C-2 was the only test fluid

_£o. produce foam specimens which broke before reaching 200% elonga-

tion when tested according to ASTM D 1564,

Property ' Requirement B-2 C=2 D=2
Acid Number 0.09 mg KOH/g, max  0.01 0.02 -
Ethylene Glycol 0.025 wt %, max 0.001 0.006 0.003
Refractive Index - 1.4007 1.4007 1.4006
pH, 25% Solution -~ 7.09 6.42 6.99

In an effort to secure a larger quantity of EGME affecting
the tensile strength of polyurethane foam, to determine 1t another
sample from supplier C would behave similarly to C-2, and to examine
material from other suppliers, five-gallon samples of EGME from
five of ten suppliers were obtaired.

Tensile specimens were stored in 25.0 vol % aqueous EGME
and also 24.9 vol % EGME plus 0.10 vol % glycerol. Six specimens




Table 2

TENSILE STRENGTH OF SCOTT FOAM STORED IN EGME
FROM THREE SUPPLIERS

Jaw Separation of Instron - 2 in,

7 Days @ 160°F

Wi e e s i e ashain 28

‘ Ultimate 'f
. Tenglle Stress Tensile E
: pH @ 200% Elongation Strength g 2
Sample Initial Final (psi) (psi) __ Elongation ki
Controls R 15.1 24,3 350 8
: - 14,8 23,5 330 b
, 14,0 - 20.9 320 ¢
y ‘ 14,8 22.8 330 i
1 13.2 21,3 - 320 3 -
i  B-2 9.2 21.3 440 :
9.3 17.6 -~ 380 i
f | - 5.6 23,2 4o i
: ‘ Avg 9.0 - 20, T20 .
;o 25 vol % B-2 7.09 6.00 ;‘14,8 21.0 310 ,§e§
a o o | 14, 24,1 340 .4
] Avg bR Ic) 22.3 30 {
: 3
E c-2 7.1 14,5 k60 31
}’ | 2.8 13.2 450 i
- Avg 6.9 39 373 g
25 vol % C-2  6.42 4,97 - 8.3 170 |
- 7. 130 ;
Avg - 7T:9 TgU ?
C=2 6.8 13,0 k70
2.8 12.0 320
. 12.0 0
Avg E.g 123 Ly 3
25 vol % C-2 - 8.6 170 b
S R ;
Avg - : I;U ¥

o




Table 2 - (cont'd)

Ultimate
Tensile Stress Tenslle
pH @ 200% Elongation Strength %
Sample Initial Final (psi) (psl) Elongation
D=2 7.4 16.0 460
13.2 19.7 330
4.7 22.7 - 340
Avg 13.9 21.6 340




were then placed 1n each test solutlion. Three specimens were
removed after 7 days and three after 14 days and tested according
to ASTM D 1564. Results presented in Table 3 indicate no signirfi-
cant loss in tensille strength of the foam specimens after 7 or

14 days.

In an attempt to 1lsolate the cause of specimen fallure,
several additional exposures were performed. These included
a study of the effect of pH of test solutlions and an examlnation
of distilled C-2. Aqueous buffered solutions of pH 4.00, 5.00,
6.00, and 7.00 were prepared from appropriate mixtures of 0.1M
citric acld and 0,.,1M disodium hydrogen phosphate. Solutions were
also prepared from C-2 (25.0 vol % aqueous; C=-2, 24.9 vol % plus
0,10 vol % glycerol; distilled C-2, 25.0 vol % aqueous) and the
pot residue from the distillation of C-2. The residue, 17 ml,
was diluted to 250 ml with B-2 and finally diluted to 1000 ml
with distilled water. The resulting solution, therefore, was
1.7 vol % in C-2 residue and 23.3 vol % in B=2, [B-2 did not.
adversely affect the tensile strength of foam specimens.(Table 2).]

The solutions were preheated for 24 hr at 160°F. PFive
specimens were then placed in each test solution. Three specimens
were removed after 7 days, one after 14 days, and finally, one
after 21 days. In each case, specimens were dried for 3 hr at
. 160°%, ‘¢ooled for 30 minutes, and tested according to ASTM D 1564,
Three control specimens were also tested for tensile strength.

The test data are presented in Table 4. The following con~-
clusions are apparent from the data: ‘

1. Storagé of foam specimens in aqueous buffered solutions
of pH 4.00, 5.00, 6.00, or 7.00 for 21 days did not
result in a significant loss of tensile strength.

Distillation of C=2 yields a distillate which did not .
adversely affect the tensile strength of foam specimens
stored for 21 days at 160°F.

The residue from the distillation of C«2 diluted in
water to the 1.7 vol % level and galso containing
23.3 vol % of an innocuous EGME caused severe loss
in tensile strength of foam speclmens in 7 days.

Earlier results on C-2 were confirmed., Aqueous solu=-
tions at the 25 vol % level caused severe loss in
tensile strength of foam specimens in 7 days.

The addition of 0.10 vol % ﬁlycerol to the same EGME
did not provide "protection” to the foams. Specimens
still showed severe loss in tensile strength after 7

days.
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Table 3

TENSILE STRENGTH OF SCOTT FOAM STORED IN EGME

FROM FIVE SUPPLIERS

Jaw Separation of Instron - 2 in.

Ultimate
Tensile Stres Tensile
@ 200% Elon ation Strengtn %
Sample psi% (psi) ‘Elongation
Controls 11.6 21.6 430
11.2 20.0 390
11.4 - 23,4 450
Avg T1.0 21.7 20
Distilled Water 12.4 18.1 330
al pH 12.3 20.3 360
T days 12.2 23.3 420
Avg 7.3 . 370
14 days 11.1 16.5 | 330
Finel pH 5.70 11.9 21,2 380
11.8 19.4 380
Avg 1. 19,0 360
A=l o |
25.0 vol ¥ aqueous 11,2 18.7 360
Initial pH 5.91 11.4 19.9 410
7 days . 12.8 22.6 390
Avg IT. % 20.0 390
14 days 11.6 20.3 4oo
Final pH 5.76 11.0 17.8 370
11.0 20.8 Lyo
Avg T2 13,5 50
24,9 vol % A-1 +
0.10 vol % Glycerol 11.4 22.7 450
In:L‘c_ilaugi pH 5.98 ﬁ“ gig igg
ays .g .
Avg . 2109 T30
14 days 11.1 19.6 410
Final pH 6.19 11.4 21.0 420
11,6 19,6 g%%
Avg T3 .




Sample

Table 3 - (cont'd)

Tensile Stiess

Ultimate
Tenslle

B-1
25.0 vol ¥ aqueous
Initial pH 5.19

7 days

14 days
Final pH 5.78

24,9 vol % B-1 +
0.10 vol % Glycerol:
Initial pH 5.00

7 days

14 days
Final pH 5.82

C-1
25.0 vol % aqueous
Initial pH 5.98

7 days

14 days
Final pH 5.68

0.10 vol % Glycerol
Initial pH 5.92
7 days

14 days
Final pH 5.62

@ 200% Elongation Strength %
(psi) (psi) E.ongation
11.6 18.3 370
11.5 20.2 390
12.8 23.4 410
Avg 2.0 20.6 390
11.2 18.9 380
11.5 20.2 390
ll.2 19,1 390
Avg IT.3 157 390
12.5 18.5 330
12.0 20.2 370
11.9 20.2 370
Avg ZT b ) 360
11.5 21.7 420
12.4 21,3 390
11.7 20. 4 410
Avg IT.9 2I.T T10
11.5 21.0 390
11.5 20.4 ﬁéo
1ll. 23.3 0
Avg ITT% 21,6 720
11.3 23.6 460
11.5 21.7 430
11.6 22.8 40
Avg 175 2z.7 00
11.6 21.6 430
ll.ﬁ 20.8 390
11, 23. 50
Avg T T ?%77 720
11.3 21.0 4oo
10.4 18.2 boo
10.8 22.9 460
Avg 10.¥ 20, 520
10
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Table 3 = (cont'd)

Tengile Stress

Ultimate
Tensille

11

@ 200% Elongation Strength 9
Sample (psi, (psi) Elongation
D=1
25 vol % aqueous 11.6 22.3 420
Initial pH 6.95 11.9 22,6 k20
7 days 11.6 18.5 380
Avg 1177 2101 10
14 days 12,3 23.5 430
Final pH 4.99 12.1 20.7 390
‘ 11.7 20.8 390
| Avg 12,0 217 000
24,9 vol % D-1 + \ A |
0.10 vol % Glycerol .10.3 19.3 430
Initial pH 7.07 12.1 21.3 400
7 days 10.5 " 18.5 400
Avg . . I10
14 days 11.1 22,4 440
Final pH 5.07 12.0 20.7\ “390
'\ 10,9 - 18,8 i10
Avg 1.3 20.6 710
Ewl ‘ .
Z5.0 vol % aqueous 11.5 2l.5 430
Initial pH 4,38 11.9 22.4 ﬁNO
7 days ‘ 11, 22.5 10
Avg TTT% 22.1 T30
14 days 10.8 20.0 43¢
Final pH 4.03 12.2 19.1 3€0
11.6 20.0 380
Avg 11.5 19.7 390
24,9 vol % E-=1 +
0.10 vol % Glycerol 11.3 18,7 370
Initial pH 4.32 11.8 21.8 410
7 days 12,2 22. 4 Loo
Avg TT.B 21.0 390
14 days 10,7 13.8 310
Final pH 3.98 11.2 18.2 380
11.9 20,8 420
Avg . I7T.® 370




To provide sufficient material for analysis, an additional
sample of C-2 was obtalned on 19 December 1969. Three specimens
were stored for one week in a 25.0 vol % solution of this sample
(C-3). Curiously, the data (Table 4) indicate that this new
sample did not cause loss in tensile strength of the specimens,
However, when this lot of EGME was tested in duplicate at a later
date (after storage in the original sample container at room
temperature for two months), i1t was then found to cause severe
loss of tensile strength of foam specimens (Table 4), Further=-
more, the degrading component could be concentrated in the last
10% of a distillation as was found with C-2. An explanation
for this effect 1s provided in Section V.

12
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Table 4

TENSILE STRENGTH OF SCOTT FOAM
STORED IN AQUEOUS BUFFERED SYSTEMS
AND CERTAIN EGME SOLUTIONS

Jaw Separation of Instron - 2 in.

Ultimate
Tensile Stress Tenslle

Final pH 7.06
13

@ 200% Elongation Strength 4
(psi) (psi) Elongation
Initial pH 4.00 | 15.6 22.1 300
( days 13.2 20,0 315
15.8 24,1 320
Avg T3 22,1 310
14 days 12.0 21.0 - 370
21 days 12.2 14,7 260
Final pH 4.05 ‘
‘Initial pH 5.00 16.2 24.0 315
( days 15.1 20,3 290
: 14,8 19.2 - 280
Avg 5.7 . 295
14 days 12.0 22.0 420
21 days 12.2 17.5 350
Final pH 5.12 \
Initial pH 6.00 13.2 18.9 300
7 days lﬁ.g 22.7 380
14, 19. 280
Ave : i A
14 days 13.C 20.0 360
21 days 12.4 18.4 320
Final pH 6.09
Initial pH 7.00 14,2 22.5 330
ays %g.g 2%.2 3%0
. 25,1 0
Avg m . %33
14 days 12.0 21.0 390
21 days 13,2 22.9 380




Table 4 - (Cont'd)

Ultimate
Tensile Stre:s Tenslile
@ 200% Elongation Strength %
Sample (psi? (psi) Elongation
Controls 14,1 19.0 280
- 16.8 25.1 330
15.4 20.0 270
Avg 5.7 1.0 290 !
Distilled C-2 13.7 20.5 310
Initial pH 6.65 13.6 21.3 320
7 days 14,5 23.6 330
Avg I3.9 21.8 320
14 days 11.0 22.0 430
21 days 12.2 19.5 340
Final pH 6,03
Pot Residue From
Distillation of C=2 - 5.1 100
nitial pH 6. - 7.6 150
7 days - . 70
Avg - . TIT
14 days ' - 3.4 33
21l days ‘ Disintegrated ’
Final pH 5,20
C=2 + 0.10 vol % Glycerol - 6.2 120
n t 8. p . bt 6.6 1“0
7 days - g.g 100
AVg - ] _m
14 days - 3.1 33
21 days - 2.1 30
Final pH “090
C=2 - 5.8 100
Initial pH 6.21 - 7.% lgg
7 days - ' . 1
Avg g.I 110
14 days - 2.9 Lo
21 days - 1.7 20

Final pH 5.09

14
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‘ Table 4 = (Cont'd)
Ultimate
Tenslle Stress Tensile
@ 200% Elongation  Strength % s
Sample (psi (psi) Elongation |
C=3 Supplied 12-19-69 12,3 17.3 290 |
Inltia P . 1109 16.5 300 :
7 days 13,2 25.8 340 !
Avg 2.5 20.5 310 i
Final pH 5.59 i
3 C-3 Stored in Original
o Contalner for 2 Months - 5¢3 130
n a p [ - 6.0 l 0
Final pH 5.14 Ave - 5.
Residue From Distillation, 8.2 8.2 200 i
1. %' B=1 2 05% 706 7.7 220 i
TnEEiaT pﬁ G.22 Avg 7.9 . 210 :
Final pH 5.30 P
Residus From Distillation, 12.5 22.5 390 i
E '0.1%; B=l, 24,8 2.7 22.? | 90 r
id nitial p ) Avg 2.6 . %g
k&
¢
‘i
B
%
‘. 15
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IV, EFFECT OF POSSIBLE TRACE IMPURITIES IN EGME

Ethylene glycol monomethyl ether 1s commercially prepared
by the addition of methyl alcohol to ethylene oxide 1in the
presence of sulfuriec acid (U)

+
CH3OH + CHafH; A s CHy=0-CH,~CH,~OH

The reaction could be accompanied by the formation of higher
homologs or other impurities most of which are removed by dis-
tillation of the reaction mixture.

In an effort to establish tae reason why certain lots
of EGME cause loss of tensile strength of polyurethane foam,
various possible starting materials or by-products of the com-
mercial preparation of EGME were examined. These compounds
were added at the 0.5 vol % level to aqueocus solutions contain-
ing 25 vol % B-1l or B-2., Two foam specimens were stored for
one week at 1l60°F in these solutions and subsequently tested
by ASTM D 1564, Results presented in Table 5 indicate that
ethylene glycol, hydrogen peroxide, methanol, formaidehyde,
ethylene glycol dimethyl ether, ‘and diethylene glycol dimethyl

ether do not adversely affect the tensile strength at the CON=

centration tested.
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Table §

EFFECT OF VARIOUS ORGANIC COMPOUNDS ON THE TENSILE
STRENGTH OF SCOTT FOAM STORED IN EGME

Jaw Separation of Instron - 2 in.
- Ultimate
Tenslle Stress . = Tensile \
@ 200% Elongation  Strength R
Sample (psi) ‘. (psl) = Elohgation .,

Ethylene Glycol Dimethyl ,

Ether, 0.5 vol %; 22.5
B-2, 24.5 vol % 20.8
Initial pH 6.22 : Avg 21.7

Final pH 4.17

Diethylene Glycol Dimethyl
Ether, 0.5 vo f ‘

B"‘2. 2“-5 VOl %

Initial pH 5.80

‘Final pH 4.13

5 vol %;

Methanol, 0.
iﬁi?‘?ﬂ?ﬁ’volvz

Initial pH 5.39
Final pH 4.61
Formaldehyde
=l . Vol

Initial pH 4.6

Final pH 4.28

Hydrogen Peroxide, 0.5
vol #%; B-1,20.5 vol ¥

Initial pH 4.89

Final pH 2.80

Ethylene Glycol, 0.1 vol %
B-1, 24.9 vol ¥

Initial pH 4,82

Avg

Avg
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V. EFFECT OF METAL IONS

. At thls stage of the lnvestligatlon, the assistance of the
technical service department of one of the major suppllers of EGME
was requested. The Research and Development Department of Union
Carbide Corporation agreed to assist, and they were provided with
all background information on the problem. Data on a "bad" sample
proved to be an limportant clue. Thils sample 1lnitially did not
intluence the tensile strength of foam. However, after storage
for two months in a one-gallon tinned container, the sample severely
degraded foam specimens stored for one week at 160°F.

The Union Carbide investigator to whom the foam problem was
‘referred was aware of work at another Unilon Carbide laboratory which
demonstrated that high tin and lead contents (+100 ppm) were present
in EGME stored in one-gallon tinned cans. He therefore suspected
that lead and/or tin in EGME (derived from storage of EGME in cans)

. was the cause of severe loss of tensile strength of foam. This
hypothesis was confirmed experimentally (5) by examination of samples
stored for one month in one-gallon cans. After storage, the samples,
which contained 50 ppm Sn and 65 ppm Pb, were found to severely
degrade polyurethane foam. Control samples stored in glass contained
no detectable lead or tin and did not produce tensile strength
fallure of foam specimens. o »

- It was considered worthwhile to confirm the effect of lead and/
or tin ions, to establish the minimum concentraticn required to
produce tensile strength fallure, and to study the effect of other
metal ions which might be expected to be present in an aircraft water
bottom. ‘

The following solutions were prepared employing 25 vol % EGME:

250 ppm lead(II) added as lead acetate, unbuffered

96 ppm lead(II) added as lead acetate, unbuffered

25 ppm lead(II) added as lead acetate, unbuffered

250 ppm lead(II) added as lead nitrate, buffered
250 ppm lead(II) added as lead perchlorate, unbuffered
100 ppm tin(II) added as tin(II) chloride, buffered
100 ppm tin(IV) added as tin(IV) chloride, buffered
100 pgm copper(II) added as copper sulfate, unbuffered
100 ppm 1ron(III) added as iron sulfate, buffered

100 ppm zinc(II) added as zinc sulfate, unbuffered
100 ppm aluminum(III) added as aluminum sulfate, buffered

Solutions indicated as having been buffered were treated
with 1M sodium acetate to yleld a pH between 5 and 6, Unbuffered

18
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solutions had an initial pH within the desired range and were
not treated further,

The sclutlons were preheated in an oven overnight, and two
foam specimens were added to each solution. After storage at
160°F for seven days, the foam specimens were removed and tested
according to ASTM D 1564.

Results are presented in Table 6. The conclusions are:

1.

‘Lead lon at the 25 ppm level (such as would result
from preparation of a 25 vol % solution of EGME con-
taining 100 ppm Pb) causes loss of tensile strength
of foam. Lead ion at the 250 ppm level disintegrates
the foam during one week at 160°F.

The lead ion must be essentially uncomplexed or the
effect wlll not be observed. For example, in 250 ppm
solution of lead acetate, wherein 87% of the lead is
present as Pb(II) and 13% 1s present as Pb(CHsCO0)™ (6),
the effect 1s observed. Similarly, the effect is
observed in a solution of lead perchlorate. The per-
chlorate ion is a noncomplexing anion (7). However,

the effect is not observed in a lead solution to which
a high concentration of acetate ion is added, yielding

‘undissoclated or even negatively charged complex

species. [Lead ion at the 10~°M level in a solution
which is also 1M in acetate exlsts principally as
Pb(CH3C00)3 (76%) and undissociated Pb(CH3C00):

(21%) (6).]

Copper and zine at. the 100 ppm level do not promote
loss of tensile strength of foam. Tin(II), tin(1IV),
iron, and aluminum at the same level also do not
produce loss of tenslle strength. However, the tests
were performed with buffered solutions and extensive
hydrolysis was observed.




Table 6

EFFECT OF METAL IONS ON THE TENSILE STRENGTH
OF SCOTT FOAM STORED IN EGME

Pb(II), 250 ppm (Lead
Acetate, unbuffered)
Initial pH 6.25

Final pH 5.08

Pb(II), 96 ppm (Lead
Acetate, unbuffered)
Initial pH 6.04
Final pH 5.14

Pb(II), 25 ppm (Lead
Acetate, unbuffered)
Initial pH 6.15
Final pH 5.29

250 ppm (Lead

Pb(II)
Nitrate, buffered)

Initial pH 5.00
Final pH 4.79

Pb(II), 250 ppm (Lead
Perchlorate)

Initial pH 6.29

Final pH 4.80

Sn(II), 94 ppm (Tin
Thloride, buffered)

Initial pH 5.90

Final pH =~

98 ppm (Tin
(IV) Chloride, buffered)
Initial pH 5.76
Final pH 5.73

Ultimate

Tensile Stress Tensile
@ 200% Elongation Strength

(psi)

(psi)

%
Elongation

1706
16.6

15.5

21.4
21.9
19.7

Disintegrated

290
280
290
290




Table 6 (Cont'd)

Ultimate
Tenslle Stress Tensile

43 @ 200% Elongation  Strength %
1T Sample (psl) (psi) Elongation
- Copper(II), 100 ppm 12.3 19.3 330
] Copper Sulfate, 13.4 18.9 310
£ unbuffered) Avg 12.9 19.1 320
e Initlal pH 5.00

b Final pH 3.73

B

i

: Iron(III), 100 ppm 13.1 22.5 370
- Iron Sulfate, buffered) 10,4 18.7 350
; Initial pH 5.00 Avg I8 20.6 360
) Final pH 4.85

; Zine (II), 100 ppm (Zinc 14.1 22.2 340
{ Sulfate, unbuffered) 12.7 20.3 350
b Final pH 4.90

: Aluminum(III), 100 ppm 12.7 17.1 310

(Aluminum Sulfate, 13.4 2l.1 340
buffered) Avg Ig oL 5. T 330

Initial pH 5.00
Final pH 4.85
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VI. SUMMARY AND DISCUSSION

Lead and/or tin derived from cne-gallon cans by EGME on
storage at amblent temperature causes the degradation
of polyurethane foam stored in 25% EGME-75% water solutions
at 160°F in 7 days or less. The effect of lead ion can alsc
be simulated by the additlon of lead as lead acetate or per-
chlorate to "good" EGME.

Tin(II), ¢in(IV), iron(III), and aluminum(III) when de-
liberately added at the ppm level to EGME solutions did not
cause specimen failure. However, these lons were extensively
hydrolyzed under the test conditions (pH ~5) and may not have
been in the proper ilonic form to catalyze or otherwlse cause
foam degradation.

Certain of these and other metal lons, which have on
occasion been found in contaminated water bottoms, may very
well have the ablllty to cause foam degradation. It 1s sug-
gested that this aspect of the foam stabllity prcblem be
investigated.

The mechanism of metal lon-promoted degradation 1s not
yet established. Possibllitles are oxlidatlve degradation and
hydrolysis. Oxidative degradation of polyether foams has been
demonstrated for certain types of tin catalysts (dialkyl tin
compounds) under severe temperature conditions (8). In these
cases, degradation was attributed to alkyl radicals which
initiated the oxidation process. However, in the case of foams
stored in EGME-water systems, it would seem that hydrolysis
would be the more likely route.

Hydrolysls results in the breaking of polymer chalns
thereby decreasing the average molecular weight per cross-link.
Eventually, the average molecular weilght might reach the range
where propertles such as tenslle strength begins to fall off
sharply with further decreases in molecular weight (9).
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The formation of a prepolymer and the subsequent foaming
reaction can be represented schematically (10):

SOCN—R—NOO
Dileocyanete
§ i
HO—R;~—OH——> OCN—R—~NH~=C-~~0Q —=——Ry—-——0—C—NH—R—NCO
Polyether Irocyanate-terminated urethane prepoly
or Polyester

" {+Hg0

~~ NH—~ ﬁ-—NH‘—R*—NH—ﬁ— 0 -‘——R;-—-——O-—@—Nll—lt—-NH—C*-NH o~~~
Foam polymer

+00,
Ura Urethane at

It 1s speculated that metal ions such as lead which exhibit
a preference for metal-oxygen bond formation might interact with
carbonyl groups of the urethane linkages, thecreby weakening the
amide-carbon or ester-carbon bonds and causing them to be sus-
ceptible to hydrolysis.
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